Building has been deteriorated gradually owing to geographic, physical complex and other factors. School living condition has a key role to improve the learning ability, life attitude and qualifications to adopt to social life. Therefore, it is important for school environment to keep the living condition. Repair time and scope of school facilities are required to maintain the function and performance to plan the long term repair. But there are little information about the school maintenance such as repair time and function.
Introduction

Background and goal of research
Educational environment is crucial for academic achievement and character formation of students. However, criteria for maintaining educational facilities tend to be ambiguous and not standardized. Since 2000, there has been incresing interest in maintenance for and supply of educational facilities via increased social interest in eduction and educational process. Moreover, with continuous aging of existing educational facilities, the cost is increasing for functional enhancement and repair/maintenance.
Educational facilities provide students with living and educational space. It is a basic element of forming educational environment. Compared to general-purpose residences, there are differences in use hours, use area and frequency. It is a space used by many students and used intensively during academic terms. On the other hand, repair and maintenance in the field remain at ad hoc level and systematic decision-making process is lacking.
Systematic repair and maintenance programs and basic data for technical facility management are severely lacking today. The pISSN 2288-968X, eISSN 2288-9698 http://dx.doi.org/10.12813/kieae.2014.14. 5.005 current maintenance criteria for educational facilities is mostly based on information suggested by long-term repair plan for common residences. On the other hand, applying the maintenance guideline used for common residences to school facilities is problematic in reality because of the differences in building types, use hours and users.
The priority in building maintenance and management is to predict service life of parts and materials that compose a building.
Ideally, repair life cycle and its scope and rate should be planned based on predicted service life period. In this paper, we determined service life cycle for rooftop waterproofing and floor furnishings in educational facilities. The research results will be used as basic information for making plans for repair and maintenance performed for a given service period.
Research method and description
Parts or materials that compose a building are diverse. Their service life could be defined as the period during which their usefulness is exhausted. In this research, we focused service life of rooftop waterproofing and floor finishing of educational facilities.
The following research methods were used.
First, repair history of each elementary, middle and high school is based on repair and maintenance history since their respective completion date. Data was obtained from ___ Office of Education.
Then, time series data on period, method, scope and cost of repair for rooftop waterproofing and floor finishing was collected and summarized. However, document retention period was set for 5 years and therefore it was difficult to collect repair history before then. 1) . Accordingly, data before retention period was collected from school after an interview with school facility manager.
Second, in terms of service period, primary service period is first determined, which is then used to determine recovery rate to perform analysis. There are three methods for determining primary service period: use normal distribution of the period when first repair occurs since completion; use 3-D model for repair period and cost; use probabilistic theory on when repair should be done first. In order to remove bias caused by different calculation results, primary service period was determined by calculating the average of the values obtained from the three methods described above.
Then, recovery rate was calculated based on function and performance before the first repair was done to complete calculation of final service period.
Scope of research
The scope was the research was limited to rooftop waterproofing and floor finishing in educational facilities. The schools were divided into elementary, middle and high schools. Table 1 A difference arises between monetary value of a building when it is completed and after time passes. In order to remove such differences in monetary value, discount rate in this research was set at 2.6%. Discount rate was calculated based on consumer price 1) It was learned that most schools retained information on previous repair history in order to request reimbursement for repair cost. 2) Such method is a bottom-up approach and is effective for analyzing both individual and overall characteristics of school.
index and savings deposit rate from 1993 to 2011.
Investigating repair period of rooftop waterproofing and floor finishing
It is rare to find a research that suggests service period for materials, parts and facilities that compose educational facilities. This research also points out problems associated with post-repair method in which repair is made after total functional paralysis occurs and suggests a need for facility management method that requires an overhauling of compositional materials.
Also, we suggest need for repair cycle that is different from In addition, the analysis results of rooftop waterproofing, repair cycle of floor finishing, repair rate and service life were collected.
We can use the information to study service life of root water-proof and floor finishing in the following ways. Table 3 is a study on service life for rooftop waterproofing in the UK. According to this data, service life for asphalt, synthetic rubber and tile is 36 years, 24 years and 63 years, respectively. Table 4 shows the result of studying repair cycle and rate for floor finishing materials in Japan. The cycle for complete overhaul/replacement of finishing for imitation stone is about 30 years; for linoleum, 18 years; for mortar finishings, about 20 years; tile, 30 years; vinyl sheet, 25 years. Table 5 is the result of service life for floor finishing in the UK.
According to this data, service life for concrete floor slabs is about 75 years. According to this data, service life for tile is around 50 years; vinyl sheet, around 15 years; latex cement, around 20 years; and wood finishing, around 50 years. The relationship between service period and cost can be described in two ways. First, accumulated repair cost increases over time and to reach the potential maximum. Second, accumulated repair cost continues to increase over time. In the first case, repair cost continues to increase until the cumulative cost reaches the potential maximum and then gradually starts declining.
Service life calculation method
Here, we take advantage of the inflection point where change in increase rate in cumulative repair cost occurs. This can be expressed using a cubic equation (Equation 3 ) as below.
Here,  : cumulative repair cost,  : elapsed years
The value calculated by averaging the first repair occurrence using the three approaches described above can be set as the completely deteriorating to the extent where they are unable to support living environment. Therefore, it is important to conduct analysis based on certain functional performance (fk) while considering repair action and recovery rate. Thus, performance recovery rate can be used to establish the period until repair occurs as service life of rooftop waterproofing and floor finishing for school facilities by taking living environment into account. This can be expressed as described in Fig. 1 The time range during which rooftop waterproofing and floor finishing maintains a given level of performance can be used to establish service life. That is, when performance level required for parts is established at 60%, the time range in which this performance level is maintained can be explained as service life (0~t3).
Result of service life calculation
Rooftop waterproofing
Data from ○○ Office of Education was used to calculate service life. The analysis result of the first repair period needed to calculate service life is as follows. The results of calculating the first repair rate for rooftop waterproofing of elementary school are as shown in Table 6 .
The first repair rate of rooftop waterproofing of elementary school came out to be 18.6 years. Using this result and taking 60%
as recovery rate after the first repair, service life can be calculated.
The service life calculated came out to be 36.5 years.
The results of calculating the first repair period for rooftop waterproofing for the middle school are shown in Fig. 1 Relation of the deterioration and service life under the 60% of the recovery rate repair period for rooftop waterproofing for the middle school came out to be 17.7 years. Service life can be calculated by using this result and taking 60% as recovery rate after the first repair. The resulting service life is about 34.7 years.
The results of calculating the first repair period for rooftop waterproofing for high schools are shown in Table 8 . The first repair period for rooftop waterproofing for high schools came out to be 18.6 years. Service life can be calculated by using this result and taking 60% as recovery rate after the first repair. The resulting service life is about 36.5 years.
Floor finishing
Data from ○○ Office of Education was used to calculate service life. The analysis result of the first repair period needed to calculate service life is as follows. The results of calculating the first repair rate for floor finishing of elementary school are as shown in Table 9 .
The first repair period for floor finishing for elementary schools came out to be 22.0 years. Service life can be calculated by using this result and taking 60% as recovery rate after the first repair. The resulting service life is about 43.1 years.
The results of calculating the first repair period for floor finishing for the middle schools are shown in Table 10 . The first repair period for floor finishing for the middle schools came out to be 19.9 years. Service life can be calculated by using this result and taking 60% as recovery rate after the first repair. The resulting service life is about 39 years.
The results of calculating the first repair period for floor finishing for high schools are shown in Table 11 . The first repair period for floor finishing for high schools came out to be 21.0 years. Service life can be calculated by using this result and taking 60% as recovery rate after the first repair. The resulting service life is about 41.2 years. 
Conclusion and future researches
All buildings undergo process of deterioration caused by various factors after being constructed. However, it is necessary to provide students with school facility environment that is pleasant and convenient. As such, as school facilities go through deterioration, it is crucial to provide pleasant study environment for students.
In this research, we proposed repair period for rooftop waterproofing and floor finishing, two of the components that constitute school facilities. The summary of our conclusion from our research is as follows. able to remove bias from the result. We calculated service life by using the average of the first repair period and recovery rate. That is, we determined as service life the period between the average first repair period (t1) and the second repair period (t2).
Second, the result of calculating service life for rooftop waterproofing and floor finishing in school facilities is as follows. 
